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(54) Current limiter and/or circuit breaker with PTC element 


(57) A current limiter composed of a PTC element 
the resistance of which is abruptly increased by rise of 
temperature above a resistance transition temperature 
and a pair of electrode plates secured to opposite sur- 


faces of the PTC element, wherein the PTC element is 
formed thinner at its outer peripheral portion than at its 
central portion so that the specific resistance of the cen- 
tral portion becomes smaller than that of the outer pe- 
ripheral portion. 
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D scription 

The present invention relates to a current limiter 
and/or a circuit breaker for protecting an electric power 
system from a short-circuit current or an overcurrent ap- s 
plied thereto, and more particularly to a current limiter 
and/or a circuit breaker equipped with a PTC element 
the resistance of which is abruptly increased in re- 
sponse to rise of temperature above a resistance tran- 
sition temperature. 

For protection of an electric power system in the 
event of a short-circuit, there has been proposed a cur- 
rent limiter equipped with a thermistor of positive tem- 
perature coefficient or PTC element in the form of a rec- 
tangular or circular plate with a predetermined thickness 
for connection to a power transport line of the electric 
power system. In use of the current limiter with a circuit 
breaker in the electric power system, the temperature 
of the PTC element is raised by joule heat in the event 
of a short-circuit of the power transport line. When the 
temperature of the PTC element rises above a resist- 
ance transitiontemperatureorphase=transition temper- 
ature, the resistance of the PTC element is abruptly in- 
creased to limit an overcurrent flowing through the pow- 
er transport line, and the circuit-breaker is operated to 
interrupt the overcurrent. When the PTC element is 
cooled by recovery of the power transport line, the tem- 
perature of the PTC element drops below the resistance 
transition temperature, resulting in decrease of the re- 
sistance of the PTC element. Thus, the PTC element is 
automatically recovered to permit the flow of rated cur- 
rent through the power transport line when the circuit 
breaker is closed. 

Disclosed in Japanese Patent Laid-open Publica- 
tion No. 3 (1 991 )-1 02724 is a circuit breaker of the type 
which includes a movable contact 32 normally main- 
tained in contact with a fixed contact 26 under the load 
of a spring 40 as shown in Fig. 1 3. In the circuit breaker, 
the fixed contact 26 is secured to a stationary conductive 
member 24 having a base portion 24a, a vertical support 
portion 24b perpendicular to the base portion 24a for 
support of the fixed contact 26 and a connecting portion 
27 fixed to a terminal plate 3 (not shown). The movable 
contact 32 is secured to a distal end of a movable arm 
31 that is pivoted on a support pin 36 and biased by the 
spring 40 toward the support portion 24b of conductive 
member 24. A shunt 33 is connected al its one end to 
the movable arm 31 and at its other end to a terminal 
plate 28. Arranged above the contacts 26 and 32 is an 
arc extinction grid 47. 

When the circuit breaker is applied with an overcur- 
rent in the event of a short circuit, an electromagnetic 
repulsion force is generated between the contacts 32 
and 26 or between the movable arm 31 and the support 
portion 24b of conductive member 24 to disengage the 
movable contact 32 from the fixed contact 26. This caus- 
es arc A between the contacts 26 and 32. In such an 
instance, the arc A is attracted toward the arc extinction 


grid 47 due to a current I, flowing through the base por- 
tion 24a of conductive member 24 in an opposite direc- 
tion relative to the arc A and is cooled by the arc extinc- 
tion grid 47 to increase the arc voltage. As a result, the 
increased arc voltage acts as a high resistance on the 
power transport line to limit th overcurrent. 

As in the current limiter, the radiation speed at the 
outer peripheral portion of the PTC element is higher 
than that at the central portion of the PTC element, the 
rising speed of temperature at the central portion of the 
PTC element becomes higher than that at the outer pe- 
ripheral portion of the PTC element. As a result, in the 
event of a short circuit, the temperature at the central 
portion of the PTC element is raised above the resist- 
ance transition temperature prior to rise of the temper- 
ature at the outer peripheral portion of the PTC element. 
Due to such a difference in rise of the temperature at 
the central and outer peripheral portions, the resistance 
of the PTC element may not be uniformly increasedjo 
a predetermined value, resulting in an error in operation 
of the current limiter. In use of a PTC element of high 
resistance transition-temperaturer the difference in rise 
of the temperature at the central and outer peripheral 
portions is increased. This causes excessive thermal 
stress between the central and outer peripheral portions 
of the PTC element, resulting in damage of the PTC el- 
ement. 

Assuming that the circuit breaker has been con- 
nected in series to the current limiter to avoid damage 
of the power transport line caused by an overcurrent in 
the event of a short circuit, the resistivity of the PTC el- 
ement in the current limiter causes loss of the electric 
power in a normal condition of the electric power sys- 
tem. In the conventional circuit breaker described 
above, the arc extinction grid is constructed in a large 
size to rapidly cool the arc for increase of the arc voltage. 
For this reason, the circuit breaker becomes large in 
size. In the case that SF6 gas is used for rapid recovery 
of insulating proof stress of the circuit breaker, the move- 
ment speed of the arc is delayed, resulting in deteriora- 
tion of the current limit funclion. 

It is, therefore, a primary object of the present in- 
vention to provide a current limiter with a PTC element 
the resistance of which is uniformly increased al the 
same time in response to rise of temperature. 

A secondary object of the present invention is to 
provide a current limiter with a PTC element capable of 
limiting an overcurrent applied thereto without loss of an 
electric power. 

A tertiary object of the present invention is to pro- 
vide a circuit breaker in combination with a current lim- 
iter with a PTC element superior in current limiting func- 
tion in a compact size. 

According to the present invention, there is provid- 
ed a current limiter composed of a PTC element the re- 
sistance of which is abruptly increased by rise of tem- 
perature above a resistance transition temperature and 
a pair of electrode plates secured to opposite surfaces 
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ol the PTC element, wh rein the PTC element is formed 
in a structure in which density of an overcurrent flowing 
across an outer peripheral portion thereof becomes 
larger than that of the overcurrent flowing across a cen- 
tral portion thereof. 

In a practical embodiment of the present invention, 
the PTC element is formed thinner at its outer peripheral 
portion than at its central portion. The PTC element may 
be thickened from its outer peripheral portion toward its 
central portion. Alternatively, the PTC element may be 
formed in a structure in which the resistivity at its c entral 
portion becomes larger than that at its outer peripheral 
portion. The PTC element may be formed in a structure 
in which the contact area with one of said electrode 
plates becomes smaller at its central portion than at its 
outer peripheral portion. 

According another aspect of the present invention, 
there is provided a current limiter composed of a PTC 
element the resistance.of . which is.abruptly increased.by 
rise of temperature above a resistance transition tem- 
perature and a pair of electrode plates secured to oppo- 
site surfaces ofthe - PTC element, wherein a normally 
closed switch is connected in parallel with said PTC el- 
ement to be rapidly opened when applied with an over- 
current. In the current limiter, the normally closed switch 
is opened by an electromagnetic repulsion force caused 
by an overcurrent applied thereto, while the PTC ele- 
ment is applied with joule heat caused by the overcur- 
rent so that the resistance of the PTC element is abruptly 
increased to limit the overcurrent. 

According to a further aspect of the present inven- 
tion, there is provided a circuit breaker in combination 
with a current limiter provided with a PTC element the 
resistance of which is abruptly increased by rise of tem- 
perature above a resistance transition temperature to 
limit a short-circuit current in the event of a short-circuit, 
wherein the circuit breaker comprises a first normally 
closed switch connected in parallel with the PTC ele- 
ment to be rapidly opened when applied with the short 
circuit -current and a second normally closed switch as- 
sociated with the PTC element to be opened when the 
short-circuit is detected. In the circuit breaker, the first 
normally closed switch is opened by an electromagnetic 
repulsion force caused by the short-circuit current ap- 
plied thereto, while the second normally closed switch 
is opened when the resistance of the PTC element is 
abruptly increased by rise of temperature above the re- 
sistance transition temperature to limit the short-circuit 
current. 

According to an aspect of the present invention, 
there is provided a circuit breaker in combination with a 
current limiter provided with a PTC element the resist- 
ance of which is abruptly increased by rise of tempera- 
ture above a resistance transition temperature to limit a 
short-circuit current in the event ol a short circuit in an 
electric power system, wherein the circuit breaker com- 
prises a fixed arm mounted on a stationary structure, a 
movable arm mounted on a switching mechanism and 


placed to be opposed to said fix d arm in a normal con- 
dition of the lectric power system and to be moved 
away from the fixed arm when th short-circuit is detect- 
ed, first and second fixed contacts spaced in a prede- 

s termined distance and mounted on the fixed ami for con- 
nection to a source of electric pow r, the second fixed 
contact being associated with the PTC element, first and 
second movable contacts spaced in a predetermined 
distance and carried by the movable arm for connection 

10 to a load equipment, the first and second movable con- 
tacts being normally maintained in engagement with the 
first and second fixed contacts under the load of a resil- 
ient portion of the movable arm, and wherein the first 
movable contact is disengaged from the first fixed con- 
is tact when applied with an electromagnetic repulsion 
force caused by the short-circuit current applied thereto, 
while the movable arm is moved away from the fixed 
arm by operation of the switching mechanism when the 
resistance of the PTC element is abruptly increased by 

20 rise of temperature above the resistance transition tem- 
perature to limit the short-circuit current. 
— in the circuit breaker. the load of the resilient portion 
of the movable arm is determined to be larger than a 
magnetic repulsion force caused by a normal current 

2S flowing across the first fixed and movable contacts so 
that the resilient portion of the movable arm is flexed by 
a magnetic repulsion force caused by the short-circuit 
current flowing across the first fixed and movable con- 
tacts in the event of the short-circuit. The electromag- 

30 netic repulsion force is caused by the current flowing 
through the fixed arm in an opposite direction relative to 
the current flowing through the movable arm. 

By an abrupt increase of resistance with tempera- 
ture rise is meant here an increase of resistance which 

35 is sufficiently rapid with temperature rise that the desired 
overcurrent limiting effect is achieved. 

For a better understanding of the present invention, 
and to show how the same may be carried into effect, 
reference will now be made, by way of example, to the 

40 accompanying drawings, in which:- 

Fig. 1 is a cross-sectional view of a first embodiment 
of a current limiter with a PTC element in accord- 
ance with the present invention; 

4S Fig. 2 is a circuit diagram of an electric power sys- 
tem provided with the current limiter shown in Fig. 1 ; 
Fig. 3 is a cross-section view of a second embodi- 
ment of a current limiter with a PTC element in ac- 
cordance with the present invention; 

so Fig. 4(a) is a cross-sectional view of a third embod- 
iment of a current limiter equipped with a PTC ele- 
ment in accordance with the present invention; 
Fig. 4(b) is a graph showing a resistivity of the PTC 
element shown in Fig. 4(a); 

55 Fig. 5 is a plan view of a PTC element adapted for 
use in a modification of the present invention; 
Fig. 6 is a circuit diagram o! an electric power sys- 
tem provided with a circuit breaker including a cur- 
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rent limiter with the PTC el ment shown in Figs. 1 
to 5; 

Fig. 7 is a circuit diagram of another electric power 

system provided with a circuit breaker including the 

PTC element shown in Figs. 1 to 5; s 

Fig. 8 is a perspective view of component parts of 

the circuit breaker shown in Fig. 7; 

Figs. 9(a) to 9(c) illustrate a mode of operation of 

the circuit breaker shown in Fig. 8; 

Fig. 1 0 is a perspective view of component parts of >o 

a modification of the circuit breaker shown in Fig. 8; 

Figs. 11 (a) to 11 (c) illustrate a mode of operation of 

the circuit breaker shown in Fig. 10; 

Fig. 12(a) illustrates a modification of a movable 

arm of the circuit breaker shown in Fig. 8; 

Fig. 12(b) illustrates another modification of the 

movable arm of the circuit breaker shown in Fig. 8; 

and 

Fio. 1 3 is a front view of a conventional circuit break- 
er" 20 

^Referring nowfothe drawingsTFig. 1 schematically 
illustrates, in cross-section, a first embodiment of a cur- 
rent limiter 10 equipped with a PTC element 11 in ac- 
cordance with the present invention. The current limiter 25 
10 includes first and second electrode plates 12 and 13 
secured in parallel to opposite surfaces of the PTC ele- 
ment 11 . The PTC element 11 is in the form of a rectan- 
gular or circular plate with a predetermined thickness 
which is formed with a central thick portion 11a and an so 
outer peripheral portion 11b thinner than the central 
thick portion 11a. 

In this embodiment, the PTC element 11 is in the 
form of a thermistor of positive temperature coefficient 
formed of ceramic material or solid solution of V 2 0 3 - ss 
Cr 2 0 3 , Bffi0 3 or the like or compound ceramic material 
of cristobalite-carbon, the specific resistance of which 
is abruptly increased at a resistance transition temper- 
ature or phase transition temperature of about 200 "C 
to 280 °C. The electrode plates 1 2 and 1 3 each are <o 
made of metal such as copper, aluminum, stainless 
steel or the like and formed in a rectangular or circular 
shape. The first electrode plate 1 2 is secured to the bot- 
tom surface of PTC element 11 by means of conductive 
adhesive or welding. The second electrode plate 13 is 45 
formed at its center with a recessed portion 1 3a to be 
coupled with the central thick portion 11a of PTC ele- 
ment 1 1 and at its outer periphery with an annular thick 
portion 13b to be coupled with the outer peripheral por- 
tion 11b of PTC element 11. Similarly to the first elec- 50 
trode plate 12, the second electrode plate 13 is secured 
to the upper surface of PTC element 11 by means of 
conductive adhesive or welding. 

Since in the current limiter 10, the specific resist- 
ance of the central thick portion 11a ol PTC element 11 55 
is determined to be larger than that of the outer periph- 
eral portion 11b, the density of an overcurrent flowing 
across the outer peripheral portion 11 b of PTC element 


6 

11 in the vent of a short-circuit b comes larger than 
that of the overcurrent flowing across the central thick 
portion 11a of PTC element 11. As a result, the temper- 
ature of PTC element 11 is raised substantially at the 
same speed on the central and outer peripheral portions 
11a and 11b. This implies that each temp rature of the 
central and outer peripheral portions 11a and 11b rises 
above the resistance transition temperature at the same 
time in the event of the short-circuit. 

Illustrated in Fig. 2 is a circuit diagram of an electric 
power system wherein the current limiter 10 with the 
PTC element 11 is connected in series with a circuit 
breaker 50 on a power transport line L between an elec- 
tric power source 60 and a load equipment 70. In a nor- 
mal condition of the electric power system, a rated cur- 
rent lo from the power source 60 is supplied to the load 
equipment 70 through the circuit breaker 50 and current 
limiter 10 in a closed condition of the circuit breaker 50. 
Although in such an instance, the rat ed current flowing 
across the PTC element 1 1 becomes irregular in density 
at the central and outer peripheral portions 1 1 a and 11 b 
"bf'PTC element 11, loss"oTthe electric~power is Te^ 
strained in a small value since the resistance of PTC 
element 11 is maintained in a small value. 

Assuming that a short-circuit has occurred at a point 
X of the power transport line L, the temperature of PTC 
element 11 is raised by joule heat caused by a short- 
circuit current Is flowing through the power transport line 
L. Upon rise of the temperature of PTC element above 
the resistance transition temperature, the resistance of 
PTC element 1 1 is abruptly increased to limit the short- 
circuit current Is. In this instance, the rising speed of 
temperature at the outer periphery portion 11b becomes 
equal to the rising speed of temperature at the central 
thick portion 11a. Asa result, the PTC element 11 is uni- 
formly heated at its central and outer peripheral portions 
11a and 11b to the resistance transition temperature, 
and the short-circuit current is limited by rapid increase 
of the resistance of PTC element 11 . This is effective to 
reduce thermal stress in the PTC element 11 for protect- 
ing the PTC element 1 1 from stress damage. 

In the occurrence of the short-circuit at the point X 
of power transport line L, the circuit breaker 50 is opened 
in response to a detection signal applied from an over- 
current sensor (not shown) to interrupt the short-circuit 
current Is applied to the PTC element 1 1 . When the cir- 
cuit breaker 50 is closed after recovery of the power 
transport line L, the rated current lo is supplied to the 
load equipment 70 from the power source 60 through 
the power transport line L. In this instance, the PTC el- 
ement 11 is gradually cooled, and in turn, the resistance 
of PTC element 11 is decreased to permit the supply of 
electric power to the load equipment 70 therethrough. 

Illustrated in Fig. 3 is a second embodiment of the 
present invention, wherein a current limiter 20 includes 
a PTC element 21 in the form of a rectangular or circular 
plate with a predetermined thickness and first and sec- 
ond electrode plates 22 and 23 secured in parallel to 


EP 0 867 895 A2 


4 


7 


EP 0 867 895 A2 


e 


opposite surfaces of the PTC element 21. The PTC el- 
ment 21 is made of the same material as that of the 
PTC element 11 and formed with a central convex por- 
tion 21 a and an annular portion 21 b thinner than the con- 
vex portion 21a. The electrode plates 22 and 23 each 
are made of metal such as copper, aluminum, stainless 
steel or the like and formed in a rectangular or circular 
shape. The first electrode plate 22 is secured to the bot- 
tom surface of PTC element 21 by means of conductive 
adhesive or welding. The second electrode plate 22 is 
formed at its center with a concave portion 23a to be 
coupled with the central convex portion 21a of PTC el- 
ement 21 and at its outer periphery with an annular thick 
portion 23b to be coupled with the annular portion 21 b 
of PTC element 21. The second electrode plate 22 is 
secured to the upper surface of PTC element 21 by 
means of conductive adhesive or welding. Thus, the cur- 
rent limiter 20 is formed in a rectangular or circular body 
with a predetermined thickness. 

As in the current limiter 20, the specific resistance 
of the central convex portion 21a of PTC element 21 is 
determined to be larger than that of the annular portion- 
21 b, the density of an overcurrent flowing across the 
outer peripheral portion 21b of PTC element 21 in the 
event of a short-circuit becomes larger than that of the 
overcurrent flowing across the central convex portion 
21a of PTC element 21. As a result, the temperature of 
PTC element 21 is raised substantially at the same 
speed at the central and outer peripheral portions 21a 
and 21b. This implies that each temperature of the cen- 
tral and outer peripheral portions 21a and 21b rises 
above the resistance transition temperature at the same 
time in the event of the short-circuit. This is effective to 
reduce thermal stress in the PTC element 21 for pro- 
tecting the PTC element 21 from stress damage. Al- 
though in the current limiter 20, the PTC element 21 was 
formed with the annular portion 21b in surrounding re- 
lationship with the central convex portion 21a, the an- 
nular portion 21b may be eliminated in actual practices 
of the present invention. 

Fig. 4(a) illustrates a third embodiment of the 
present invention, wherein a current limiter 30 includes 
a PTC element 31 in the form of a rectangular or circu lar 
plate with a predetermined thickness and first and sec- 
ond electrode plates 32 and 33 secured to opposite sur- 
faces of the PTC element 31 by means of conductive 
adhesive or welding. The PTC element 31 is composed 
of different materials at its central and outer peripheral 
portions 31 a and 31 b. The materials of PTC element 31 
are selected in such a manner that the resistivity of the 
PTC elemenl 31 is gradually decreased toward the outer 
peripheral portion 31b from the central portion 31a as 
shown in Fig. 4(b). Alternatively, the PTC element 31 
may be composed of the same material at its central 
and outer peripheral portions 31a and 31b, wherein the 
density of the material is adjusted at the central and out- 
er peripheral portions 31a and 31b in such a manner 
that the resistivity of the PTC element 31 is gradually 


decreased toward the outer peripheral portion 31b from 
the central portion 31a. The electrode plat s 32 and 33 
each are made of the same mat rial as in the current 
limiter shown in Fig. 1 and formed in a rectangular or 

5 circular shape. 

As in the current limiter 30, the specific resistance 
of the central portion 31a of PTC element 31 is deter- 
mined to be larger than that of the outer peripheral por- 
tion 31 b, the density of an overcurrent flowing across 

10 the outer peripheral portion 31 b of PTC element 31 be- 
comes larger than that of the overcurrent flowing across 
the central portion 31a of PTC element 31. As a result, 
the temperature of PTC element 31 is raised substan- 
tially at the same speed at the central and outer periph- 

'5 eral portions 31a and 31b. This implies that each tem- 
perature of the central and outer peripheral portions 31a 
and 31 b rises above the resistance transition tempera- 
ture at the same time in the event of a short-circuit. 
The„PTC element 31 of the.currentJimiter 30 may 

20 be modified in the form of a PTC element 41 shown in 
Fig. 5. The PTC element 41 is in the form of a rectan- 
- gular orcircularplatewith apredeterminedthickness 
and is formed thereon with a plurality of spaced projec- 
tions 41 a which are arranged in such a manner that the 

25 distribution density of projections 41a is increased to- 
ward an outer peripheral portion of PTC element 41 from 
a central portion of the same. The PTC element 41 is 
assembled in the same manner as in the current limiter 
31 shown in Fig. 4(a). 

30 As the specific resistance of PTC element 41 is de- 
termined to be larger at its central portion than that at 
its outer peripheral portion, the density of an overcurrent 
flowing across the outer peripheral portion of PTC ele- 
ment 41 becomes larger than that of the overcurrent 

35 flowing across the central portion of PTC element 41 . 
As a result, the temperature of PTC element 41 is raised 
substantially at the same speed at the central and outer 
peripheral portions of PTC element 41 . This implies that 
each temperature at the central and outer peripheral 

<o portions of PTC element 41 rises above the resistance 
transition temperature at the same time in the event of 
a short-circuit. This is effective to enhance current lim- 
iting function of the PTC element 41 and to reduce ther- 
mal stress in the PTC element 41 for protecting the PTC 

<s element 41 from stress damage. 

Although in the PTC element 41, the projections 
41a have been arranged in such a manner that the dis- 
tribution density of the projections 41a is increased to- 
ward the outer peripheral portion of PTC element 41 

so from the central portion of the same, the projections 41 a 
may be replaced with a plurality of spaced parallel line 
segments or strips formed on either one of the electrode 
plate. In such a modification, the parallel line segments 
are arranged on the electrode plate in such a manner 

55 that the distribution density of the line segments is in- 
creased toward the outer peripheral portion of the PTC 
element 41 from the centra! portion of the same. Alter- 
natively, the parallel strips are adjusted in width in such 
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a manner that the contact area of the strips with the PTC 
element is increased toward the outer peripheral portion 
of the PTC element from the central portion of the same. 

In Fig. 6, there is schematically illustrated an electric 
power system wherein a circuit break r 260 is provided 
on a power transport line L between an electric power 
source 1 00 and a load equipment 200. The circuit break- 
er 260 includes a current limiter 250 equipped with a 
PTC element 251 in the form of either one of the fore- 
going PTC elements 11 to 41 , a first breaker 252 con- 
nected in parallel with the PTC element 251 and a sec- 
ond breaker 253 connected in series with the first break- 
er 252. The first breaker 252 has a movable contact nor- 
mally maintained in engagement with a fixed contact to 
be disengaged therefrom when applied with an electro- 
magnetic repulsion forced caused by an overcurrent ap- 
plied thereto. The second breaker 253 has a movable 
contact normally maintained in engagement with a fixed 
contact to be disengaged therefrom when applied with 
a detection signal from an overcurrent detection device 
(not shown). 

Assuming that the' first and second breakers 252 
and 253 each are maintained in a normally closed con- 
dition, an electric power is supplied to the load equip- 
ment 200 from the power source 1 00 through the break- 
ers 252 and 253. In this instance, the PTC element 251 
does not cause any loss of the electric power. In the 
event of a short-circuit at a point X on the power trans- 
port line L, an electromagnetic repulsion force is caused 
by a short-circuit current between the contacts of break- 
er 252 to disengage the movable contact of breaker 252 
from the fixed contact. In turn, the PTC element 251 is 
applied with joule heat caused by the short-circuit cur- 
rent, and the resistance of PTC element 251 is abruptly 
increased to limit the short-circuit current when the tem- 
perature of PTC element 251 is raised above the resist- 
ance transition temperature. Simultaneously, the sec- 
ond breaker 253 is opened in response to a detection 
signal applied from the overcurrent detection device (not 
shown) to interrupt the flow of the short-circuit current 
applied to the load equipment 200 thereby to restrain 
rise of the temperature of PTC element 252. This is ef- 
fective to protect the PTC element 251 from stress dam- 
age caused by the short-circuit current. 

In Fig. 7, there is schematically illustrated another 
electric power system wherein a circuit breaker 300 with 
a PTC element 315a is provided on a power transport 
line L between the power source 1 00 and the load equip- 
ment 200. As illustrated in Fig. 8, the circuit breaker 300 
includes a fixed arm 310, a movable arm 320 and a 
switching mechanism 340 for closing and opening the 
movable arm 320. The fixed arm 310 has a base portion 
31 1 mounted on a stationary structure (not shown) at its 
mounting hole 311a for connection to the power source 
1 00, an inclined leg portion 31 2 and a horizontal support 
portion 31 3. In the fixed arm 31 0, first and second fixed 
contacts 314 and 315 are fixedly mounted on the hori- 
zontal support portion 31 3 at positions spaced in a pre- 


determined distance, and th PTC element 31 5a is se- 
cured to the second fix d contact 31 5. In a practical em- 
bodiment, it is desirable that th specific resistance of 
PTC element 315a is abruptly incr ased at 60 °C to 200 

s °C. It is, therefore, pr f arable that the PTC element 31 5a 
is formed of ceramic material or solid solution composed 
of BaTi0 3 , V 2 0 3 , V 2 03-Cr 2 03, PbTiO a or BiTiOg. In ad- 
dition, the PTC element 31 5a may be formed of com- 
pound material composed of polyethylene-carbon or 

io polyolefine-carbon, and the second fixed contact 315 
may be provided in the form of the PTC element 315a. 

The movable arm 320 has a terminal 321a for con- 
nection to the load equipment 200, a body portion 321 
mounted at its mounting hole 321a on a rotary shaft 341 

»s of the switching mechanism 340 for rotation therewith 
as shown in Fig. 9(a), a first arm portion 322 extending 
slightly upward from the body portion 321 and a second 
arm portion 323 extending horizontally from the body 

rtr»rtinn 391 A hiflirratoH nortinn *59A hotu/oorvthfl.orm 
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20 portions 322 and 323 is formed of resilient copper or 
stainless steel to be flexed when applied with an elec- 
tromagnetic repulsion force caused by an overcurrent. 
The first arm portion 322 has an upper section extending 
slightly upward from the bifurcated portion 324, a curved 

25 section 322b and a lower horizontal support section 
322c opposed to the second arm portion 323. In the 
movable arm 320, a first movable contact 325 is secured 
to the bottom surface of horizontal support section 322c, 
and a second movable contact 326 is secured to the bot- 

30 torn surface of second arm portion 323. 

The switching mechanism 340 is in the form of a 
conventional molded case circuit breaker which is con- 
structed to normally bias the movable arm 320 toward 
the fixed arm 310 for maintaining the movable contacts 

35 325 and 326 in engagement with the fixed contacts 314 
and 31 5 in a normal condition of the electric power sys- 
tem and to move the movable arm 320 upward when 
applied with a detection signal from an overcurrent de- 
tection device provided therein. 

During the assembly process of the circuit breaker 
300, the fixed arm 310 is mounted on the stationary 
structure (not shown) and arranged below the movable 
arm 320 mounted on the switching mechanism 340. The 
fixed arm 311 is connected at its mounting hole 311a to 

45 one end of the power transport line L located at one side 
of the power source 100, while the movable arm 320 is 
connected at its terminal 321a to the other end of the 
power transport line L located at one side of the load 
equipment 200. Thereafter, the movable arm 320 is 

so moved toward the fixed arm 310 by operation of the 
switching mechanism 340 and is retained in position to 
maintain the movable contacts 325 and 326 in engage- 
ment with the fixed contacts 31 4 and 31 5. 

When the rated current is supplied from the power 

55 source 100 to the load equipment 200 in a normal con- 
dition ol the system, the current flows through a first cur- 
rent path formed by the fixed contact 314 and the mov- 
able contact 325, first arm portion 322, body portion 321 
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and terminal 321a of movable arm 320 as shown by a 
solid arrow in Fig. 9(a). In this instance, the current flows 
in an opposite direction at the horizontal support portion 
313 of fixed arm 311 and the horizontal support section 
322c of movable arm 320. This causes an electromag- 
netic repulsion force between the horizontal support 
portion 313 of fixed arm 311 and the horizontal support 
section 322c of movable arm 320. The electromagnetic 
repulsion force caused by the current is, however, main- 
tained in a smaller value than the resilient force of bifur- 
cated portion 324 of movable arm 320. Thus, the first 
movable contact 325 of movable arm 320 is maintained 
in engagement with the first fixed contact 314 of fixed 
arm. 311 . On the other hand, the current flows through 
a second current path formed by the PTC element 31 5, 
fixed contact 315, the movable contact 326 and body 
portion 321 of movable arm 320 as shown by a dotted 
arrow in Fig. 9(a) and is restricted by the resistance of 
PTC element 31 5a.so that the current is.supplied.toJhe 
load equipment 200 mainly through the first current 
path. 

—-- ln-the occurrence of"a short J circuit"at a"point"X" 
shown in Fig. 7, a short-circuit current causes the elec- 
tromagnetic repulsion force between the horizontal sup- 
port portion 31 3 of fixed arm 311 and the horizontal sup- 
port section 322c of movable arm 320 to increase larger 
than the resilient force of bifurcated portion 324 of mov- 
able arm 320, and in turn, the movable arm 320 is moved 
by the electromagnetic repulsion force to disengage the 
movable contact 325 from the fixed contact 314 as 
shown in Fig. 9(b). Upon disengagement of the movable 
contact 325 from the fixed contact 314, the resistance 
between the contacts 314 and 325 increases to occur 
arc between the contacts 31 4 and 325. Thus, the short- 
circuit current flows through the second current path as 
shown by a solid arrow in Fig. 9(b), and the PTC element 
31 5a is applied with joule heat caused by the short-cir- 
cuit current. When the temperature of PTC element 
315a is raised above 130 °C, the specific resistance of 
PTC element 315a is abruptly increased to limit the 
short-circuit current, and the arc between contacts 314 
and 325 is eliminated. In such an instance, the short- 
circuit current is detected by the overcurrent detection 
device, and the switching mechanism 340 is operated 
in response to a detection signal applied from the over- 
current detection device to move the movable arm 320 
upward as shown in Fig. 9(c). As a result, the movable 
contact 326 is disengaged from the fixed contact 31 5 to 
interrupt the short-circuit current applied to the load 
equipment 200. This is useful to restrain the tempera- 
ture rise of PTC element 315a. 

In Fig. 10, there is illustrated a modification of the 
circuit breaker 300 shown in Fig. 8. The modified circuit 
breaker is composed of a fixed arm 410 and a movable 
arm 420 mounted on a switching mechanism 440 as in 
the form of the movable arm 320 and switching mecha- 
nism 430 shown in Fig. 8. The fixed arm 410 has a base 
portion 411 formed with a mounting hole 411a for con- 


nection to one end of the power transport line L, an in- 
clined leg portion 412 xtending downward from the 
base portion 411 , a horizontal support portion 413 inte- 
gral with the leg portion 412, a pair of spaced parallel 

s horizontal portions 411b, a pair of curved portions 411c 
extending downward from the parallel horizontal por- 
tions 4 1 1 b and a pair of horizontal support portions 41 1 d 
integral with the curved portions 411c and being spaced 
from the horizontal support portion 413 in a predeter- 

10 mined distance. In the fixed arm 41 0, a first fixed contact 
414 is fixedly mounted on the horizontal support portion 
41 3, while a second fixed contact 41 5 is fixedly mounted 
on the pair of horizontal support portions 411d. The 
same PTC element 415a as the PTC element 315a is 

is secured to the second fixed contact 415. The movable 
arm 420 is substantially the same in construction as the 
movable arm 320 shown in Fig. 8. 

Similarly to the switching mechanism 340 shown in 

Fin 8 thfl switrhinn mer;bani. < 5ro.44n js constructed-to 

"w* . - — — ■ ■ ■ ■ 

20 normally bias the movable arm 420 toward the fixed arm 
410 for maintaining first and second movable-contacts 
— "425 and 426 in "engagement witlTthe fixed contacts 414 
and 41 5 in a normal condition of the electric power sys- 
tem and to move the movable arm 420 upward when 

25 applied with a detection signal from the overload current 
detection device. 

During the assembly process of the circuit breaker 
400, the fixed arm 410 is mounted on the stationary 
structure and arranged below the movable arm 420 

30 mounted on the switching mechanism 340. The fixed 
arm 411 is connected at its mounting hole 411a to one 
end of the power transport line L located at one side of 
the power source 100, while the movable arm 420 is 
connected at its terminal 421a to the other end of the 

35 power transport line L located at one side of the load 
equipment 200. Thereafter, the movable arm 420 is 
moved toward the fixed arm 410 by operation of the 
switching mechanism 440 and is retained in position to 
maintain the movable contacts 425 and 426 in engage- 

io ment with the fixed contacts 41 4 and 415. 

When the rated current is supplied from the power 
source 1 00 to the load equipment 200 through the power 
transport line L, the current flows through a first current 
flow path formed by the fixed contact 41 4 and the mov- 

45 able contact 425, first arm portion 422, body portion 421 
and terminal 421a of movable arm 420 as shown by a 
solid arrow in Fig. 11(a). In this instance, the current 
flows in an opposite direction at the horizontal support 
portion 413 of fixed arm 411 and the horizontal support 

so section 422c of movable arm 420. This causes an elec- 
tromagnetic repulsion force between the horizontal sup- 
port portion 41 3 of fixed arm 41 1 and the horizontal sup- 
port section 422c of movable arm 420. The electromag- 
netic repulsion force caused by the current is, however, 

S5 maintained in a smaller value than the resilient force of 
bifurcated portion 424 of movable arm 420. Thus, the 
movable contacts 425 and 426 of movable arm 420 are 
maintained in engagement with the fixed contacts 414 
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and 41 5 of fixed arm 41 1 . On the other hand, the current 
flows through a second current flow path formed by the 
PTC element 415a, fixed contact 415, the movable con- 
tact 426 and body portion 421 of movable arm 420 as 
shown by a dotted arrow in Fig. 1 1 (a) and is restricted s 
by the resistance of PTC element 41 5a so that the cur- 
rent is supplied to the load equipment 200 mainly 
through the first current flow path. 

In the occurrence of a short-circuit at the point X 
shown in Fig. 7, a short-circuit current causes the elec- »o 
tromagnetic repulsion force to increase larger than the 
resilient force of bifurcated portion 424 of movable arm 
420, and in turn, the movable arm 420 is moved by the 
electromagnetic repulsion force to disengage the mov- 
able contact 425 from the fixed contact 41 4 as shown is 
in Fig. 11 (b). Upon disengagement of the movable con- 
tact 425 from the fixed contact 414, the resistance be- 
tween the contacts 414 and 425 increases to occur arc 
between the contacts 414 and 425. Thus, the short-cir- 
cuit current flows through the second current flow path 20 
as shown in Fig. 11(b), and the PTC element 415a is 
— — applied with joule heat caused by-the short-circuit cur- - 
rent. When the temperature of PTC element 415a is 
raised above 130°C, the specific resistance of PTC el- 
ement 41 5a is abruptly increased to limit the short-circuit 25 
current, and the arc between the contacts 414 and 425 
is eliminated. In such an instance, the short-circuit cur- 
rent is detected by the overcurrent detection device, and 
the switching mechanism 440 is operated in response 
to a detection signal applied from the overcurrent detec- 30 
tion device to move the movable arm 420 upward as 
shown in Fig. 11(c). As a result, the movable contact 
426 is disengaged from the fixed contact 415 to interrupt 
the short-circuit current applied to the load equipment 
200. This is useful to restrain the temperature rise of 35 
PTC element 415a. 

Although in the foregoing circuit breaker 300, the 
bifurcated portion 324 formed of resilient copper or 
stainless steel is integrally formed with the body portion 
321 of movable arm 320 to support the first arm portion *o 
322, the bifurcated portion 324 of movable arm 320 may 
be modified as illustrated in Figs. 12(a) and 12(b). In the 
movable arm 320 illustrated in Fig. 12(a), the first arm 
portion 322 is provided separately from the body portion 
321 of movable arm 320 and connected to the body por- « 
tion 321 by means of a leaf spring 350 secured thereto 
by welding. In this modification, the resiliency of leaf 
spring 350 is determined to be larger than the electro- 
magnetic repulsion force caused by the rated current 
less than the breaking capacity flowing through the first so 
current flow path shown by the solid arrow in Fig. 9(a). 
Thus, the first arm portion 322 of movable arm 320 is 
moved upward against the biasing force of leaf spring 
350 when applied with the electromagnetic repulsion 
force caused by a short-circuit current in the event of a 55 
short-circuit on the power transport line L. 

In the movable arm 320 illustrated in Fig. 12(b), the 
first arm portion 322 is provided separately from the 


body portion 321 of movable arm 320 and connected to 
the body portion 321 by means of a coil spring 360 se- 
cur d thereto. In this modification, the resiliency of coil 
spring 360 is determined to be larger than the electro- 
magnetic repulsion force caus d by the rat d current 
less than the breaking capacity flowing through the first 
current flow path shown by the solid arrow in Fig. 9(a). 
Thus, the first arm portion 322 of movable arm 320 is 
moved upward against the biasing force of coil spring 
360 when applied with the electromagnetic repulsion 
force caused by a short-circuit current in the event of a 
short-circuit on the power transport line L. 

Claims 

1. A current limiter composed of a PTC element the 
resistance of which is abruptly increased by rise of 
temperature above a resistance.transition temper- 
ature and a pair of electrode plates secured to op- 
posite surfaces of the PTC element, wherein the 
PTC element is formed in a structure in which den" 
sity of an overcurrent flowing across an outer pe- 
ripheral portion thereof becomes larger than that of 
the overcurrent flowing across a central portion 
thereof. 

2. A current limiter as claimed in Claim 1 , wherein said 
PTC element is formed thinner at its outer periph- 
eral portion than at its central portion. 

3. A current limiter as claimed in Claim 1 , wherein said 
PTC element is thickened from its outer peripheral 
portion toward its central portion. 

4. A current limiter as claimed in Claim 1 , wherein said 
PTC element is formed in a structure in which the 
resistivity at its central portion becomes larger than 
that at its outer peripheral portion. 

5. A current limiter as claimed in Claim 1 , wherein said 
PTC element is formed in a structure in which the 
contact area with one of said electrode plates be- 
comes smaller at its central portion than at its outer 
peripheral portion. 

6. A current limiter composed ot a PTC element the 
resistance of which is abruptly increased by rise of 
temperature above a resistance transition temper- 
ature and a pair of electrode plates secured to op- 
posite surfaces of the PTC element, wherein a nor- 
mally closed switch is connected in parallel with 
said PTC element to be rapidly opened when ap- 
plied with an overcurrent. 

7. A current limiter as claimed in Claim 6, wherein said 
normally closed switch is opened by an electromag- 
netic repulsion force caused by an overcurrent ap- 
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plied thereto, while said PTC element is applied with 
joule heat caused by the overcurrent so that the re- 
sistance of said PTC element is abruptly increased 
to limit the overcurrent. 

8. A circuit breaker in combination with a current lim- 
iter provided with a PTC element the resistance of 
which is abruptly increased by rise of temperature 
thereof above a resistance transition temperature 
to limit a short-circuit current in the event of a short- 
circuit, wherein the circuit breaker comprises a first 
normally closed switch connected in parallel with 
said PTC element to be rapidly opened when ap- 
plied with the short circuit -current and a second nor- 
mally closed switch associated with said PTC ele- 
ment to be opened when the short-circuit is detect- 
ed. 

9. A circuit breaks r-as claimsdin Claim 6 whersin-sald 
first normally closed switch is opened by an electro- 
magnetic repulsion force caused by the short-circuit 

~ Currenfapplied thereto, while said second normally 
closed switch is opened when the resistance of said 
PTC element is abruptly increased by rise of tem- 
perature above the resistance transition tempera- 
ture to limit the short-circuit current. 

10. A circuit breaker in combination with a current lim- 
iter provided with a PTC element the resistance of 
which is abruptly increased by rise of temperature 
above a resistance transition temperature to limit a 
short-circuit current in the event of a short circuit in 
an electric power system, 

wherein the circuit breaker comprises: 

a fixed arm mounted on a stationary structure; 
a movable arm mounted on a switching mech- 
anism and placed to be opposed to said fixed 
arm in a normal condition of the electric power 
system and to be moved away from said fixed 
arm when the short-circuit is detected; 
first and second fixed contacts spaced in a pre- 
determined distance and mounted on said fixed 
arm for connection to a source of electric power, 
said second fixed contact being associated with 
the PTC element; 

first and second movable contacts spaced in a 
predetermined distance and carried by said 
movable arm for connection to a load equip- 
ment, said first and second movable contacts 
being normally maintained in engagement with 
said first and second fixed contacts under the 
load of a resilient portion of said movable arm; 
and 

wherein said first movable contact is disen- 
gaged from said first fixed contact when applied 
with an electromagnetic repulsion force caused by 


the short-circuit current applied thereto , while said 
movable arm is mov d away from said fixed arm by 
op ration of said switching mechanism when the re- 
sistance of said PTC element is abruptly increased 
5 by rise of temperature abov the resistance transi- 
tion temperature to limit the short-circuit current. 

11. A circuit breaker in combination with a current lim- 
iter as claimed in Claim 10, wherein the load of the 

10 resilient portion of said movable arm is determined 
to be larger than a magnetic repulsion force caused 
by a normal current flowing across said first fixed 
and movable contacts so that the resilient portion 
of said movable arm is flexed by a magnetic repul- 
»s sion force caused by the short-circuit current flow- 
ing across said first fixed and movable contacts in 
the event of the short-circuit. 

12. A-G!rGLi!t"brGskGr-in combination with axurrsnt lirn- 
20 iter as claimed in Claim 1 1 , wherein the electromag- 
netic repulsion force is caused by the current flow- 
ing said fixed arm in an opposite direction relative 
to the current flowing through said movabl arm. 
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